The production of a synthetic polyisoprene possessing properties that are on a par with those of natural rubber continues to be a central problem. This is indicated by numerous publications and invention activity in this field [1] [2] [3] [4] [5] . Of special interest are studies of the synthesis of polyisoprene over catalysts based on lanthanoids, generally neodymium [6, 7] . In most cases, the neodymium-containing catalytic systems contain an organoaluminium cocatalyst, which acts as a complexing agent, an alkylating agent, a ligand forming part of the active centre, and so on. Therefore, in the development of new catalytic systems and in the modification of existing ones, a study of the effects observed when the cocatalyst concentration is changed is required.
Earlier, we showed that the modification of the catalytic system NdCl 3 ·3(i-C 3 H 7 OH)-Al(i-C 4 H 9 ) 3 with methylaluminoxane (MAO) makes it possible to increase its activity significantly and to produce a polyisoprene with a balanced combination of properties [8] . The present work is the continuation of this earlier investigation and focuses on the study of the influence of the content of triisobutylaluminium (TIBA) in the NdCl 3 ·3(i-C 3 H 7 OH)-Al(i-C 4 H 9 ) 3 -MAO system on the kinetic parameters of isoprene polymerisation and the molecular characteristics and microstructure of the polymer synthesised.
The catalytic system was prepared in a nitrogen atmosphere by mixing a toluene suspension of the alcohol solvate of neodymium chloride NdCl 3 ·(i-C 3 H 7 OH) and triisobutylaluminium Al(i-C 4 H 9 ) 3 , with subsequent exposure of the mixture at room temperature for 24 h [9] . Modification was carried out by introducing MAO. The obtained catalytic system was used in isoprene polymerisation, which was conducted in a metal reactor equipped with a mixer (200 r/min), a jacket for maintaining a constant temperature, and devices for introducing the monomer solution and the catalyst and for sampling the polymerisate. Isopentane was used as the solvent. The monomer:Nd molar ratio was held at 10 000:1. Ethyl alcohol was used for deactivation of the catalyst. Novantox 8PFDA was used as a stabiliser for the polymer.
The molecular characteristics were determined by gel permeation chromatography (GPC) on an Alliance GPCV-2000 liquid chromatograph (Waters) equipped with refractometric and viscometric detectors. A set of Waters styrogel columns with pore sizes of 500 Å (NT-2), 10 3 Å (NT-3), 10 4 Å (NT-4), and 10 6 Å (NT-6) was used. Toluene at a temperature of 30°C was used as the eluent. Universal calibration was calculated according to the Waters standards with a molecular weight of 2 × 10 3 -4 × 10
6
. The microstructure was studied by IR spectroscopy on a PerkinElmer Spectrum GX 100 spectrometer in accordance with Li et al. [7] .
The kinetic parameters of polymerisation and the concentration of active centres (ACs) were determined in accordance with Chirkov et al. [10] . Figure 1 shows the dependences of the monomer conversion x m on the isoprene polymerisation time t p in the presence of the catalytic system NdCl 3 ·3(i-C 3 H 7 OH)-Al(i-C 4 H 9 ) 3 -MAO with different TIBA contents. The behaviour patterns observed in this case are characteristic of processes of isoprene polymerisation over lanthanoid catalysts [11] . However, it must be pointed out that, whereas for systems with a TIBA:Nd molar ratio of ≥15 a Kauchuk i Rezina, No. 4, 2011, pp. 2-4 Effect of the cocatalyst during the polymerisation of isoprene over a neodymium-containing catalytic system I.G. Akhmetov rapid increase in monomer conversions is observed at the initial stage, a reduction in the TIBA:Nd molar ratio to 10 causes a significant reduction in catalyst activity. In particular, the time of half-transformation of the monomer increases from 3 to 30 min.
Data on the molecular characteristics of polyisoprene obtained over the catalytic system studied with different TIBA:Nd molar ratios are presented in Figure 2 . It can be seen that, with increase in the monomer conversion, irrespective of the TIBA content in the catalytic complex, the number-average (M n ) and the weight-average (M w ) molecular weights of the polyisoprene increase. At the same time, when an isoprene conversion of 20% is achieved, in all the cases examined the increases slows down, which indicates the occurrence of chain transfer processes [12] . Increase in the TIBA:Nd molar ratio leads to a reduction in the general level of the molecular weights of the polyisoprene formed. Thus, with increase in the TIBA:Nd molar ratio from 10 to 30, the values of M n and M w of the polyisoprene specimens formed at the final stage of polymerisation are practically halved.
The change in form of the molecular weight distribution (MWD) curves of polyisoprene specimens obtained at the final stage of the process as a function of the TIBA:Nd molar ratio is presented in Figure 3 . Increase in the TIBA:Nd molar ratio in the studied range is accompanied with broadening of the MWD curves. Here it is important to point out that, whereas curve 1 is characterised by a unimodal form of distribution, on curves 2 and 3 the appearance of a small "shoulder" is observed in the molecular weight range 20 × 10 3 -100 × 10 3 , and on curve 4 the presence of two maxima becomes evident. The observed features of the MWD are due to the influence of transfer reactions with the participation of TIBA and the possible presence in the catalytic system studied of several types of AC. The determined probabilities of chain growth limitation by the organoaluminium compound (k 0 Al /k g ) amounted to 0.06, which is consistent with data obtained by Avdeeva et al. [13] .
Valuable information for understanding the mechanism of the influence of TIBA on catalyst characteristics is provided by the results of calculating the kinetic parameters of isoprene polymerisation ( Table 1) . It was established that the TIBA content in the catalytic system determines the activity of the system. Thus, with increase in the TIBA:Nd molar ratio from 10 to 30, the rate of the process (W p ) increases from 0.12 to 0.29 mol/(L min), which is due to increase in the proportion of ACs relative to the introduced neodymium (g AC ) in the catalytic system from 0.13 to 33.7%. Here, a significant increase in W p and g AC is observed when the TIBA:Nd ratio is changed from 10 to 15; outside this range, the influence of the TIBA concentration on the kinetic parameters is considerably smaller. The rate constants of polymer chain growth (k g ) in the studied range of TIBA:Nd molar ratios do not undergo any significant changes and amount to 15 184-16 892 L/(mol min).
An analysis of the microstructure of the polyisoprene specimens obtained showed that variation of the TIBA:Nd ratios in the catalytic system does not lead to any change in the stereoregularity of the polymer. The content of cis-1,4-units in the synthesised polyisoprene specimens, irrespective of the content of TIBA in the catalyst, amounts to at least 97 wt%, which is characteristic of "neodymium" isoprene rubbers [6] .
Thus, in the present work a study was made of the influence of TIBA on the kinetic parameters of isoprene polymerisation and the molecular structural characteristics of polyisoprene formed over the catalytic system NdCl 3 ·3(i-C 3 H 7 OH)-Al(i-C 4 H 9 ) 3 -MAO. It was established that the TIBA content in the system determines the initial polymerisation rate governed by change in the proportion of ACs in relation to the neodymium introduced, with practically constant values of the polymer chain growth constant. The probability of chain growth limitation by the organoaluminium cocatalyst was calculated. It was shown that change in the synthesis conditions in the investigated range has no influence on the stereospecificity of the catalytic system and makes it possible to synthesise polyisoprene with a content of cis-1,4-units of at least 97 wt%. 
